
High Energy Photoreactions
My physics overlaps with Roy, and more

Ron Gilman, Rutgers University*

Many experiments (I will focus on Roy’s.):
• SLAC NE8 (+NE17)
• T20 @ Novosibirsk
• JLab E89-003 + 89-033 + ...

• γd ➞ pn
• γN ➞ πN

*Thanks to NSF PHY 13-06126.
Thanks to the organizers.
And especially, thank you, Roy.
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My Background

PhD: I worked in Los Alamos A(π+,π-) with Terry Fortune.
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My Background

PhD: I worked in Los Alamos A(π+,π-) with Terry Fortune.

Lesson: publish
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My Background

PhD: I worked in Los Alamos A(π+,π-) with Terry Fortune.

I joined ANL in 1986 - I was interested in Argonne for its 
EM physics, and heading towards a research program at 
CEBAF.

The interest in QCD & NP was overwhelming the 
interest in π’s and Δ’s in nuclei.

Terry: The problem with letting your students graduate...
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At Argonne

Don: Bates A(e,e’p) and FNAL E665 μ DIS “EMC” experiment 

Hal: Saclay p,d(e,e’π) and nuclear π excess

Roy: Novosibirsk T20 and SLAC NPAS NE8

Stuart, JimNap, ...
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NE8 & T20

A similar motivation - what was the role of quarks in nuclei?

In particular - could “high” energy nuclear reactions follow 
predictions from perturbative QCD?

For NE8: constituent counting rules: dσ/dt(θcm) ～ s2-n 

           Or the reduced nuclear amplitudes approach:

For T20: does it approach -√2
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NE8

Several trips to SLAC to setup.

Roy worked very hard, including weekends before PAC 
meetings. And when he was at Argonne.
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High pT data scale!

About that time Roy gave a 
colloquium on NE8 at Argonne, 
saying it was as easy as shooting 
fish in a barrel. And hitting all of 
them.
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I did not have the pleasure of going to Siberia until winter 
1990, after I left Argonne for Rutgers - I only worked on 
simulations of the increased density in the target cell. 
Including while on NE8 shifts. Despite that...

T20

1990 PRL: first storage cell in a ring!
First of several ANL/BINP measurements.
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Figures from Holt + Gilman, ROP 75 (2012)
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Starting with the 1989 PAC, “we” submitted a series of
high energy photoreaction proposals to the JLab PAC, and
ran many experiments.

Argonne to JLab
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89-003: Holt et al. 
Hall C high energy cross sections

The most significant finding was 
not the HMS gate valve.
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96-003: Holt et al. 
Hall C high energy cross sections

The last in the Hall C series, to 
the highest energies achieved.
A number of models were 
developed.
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A number of quark models were 
developed...

QGS: Regge 
phenomenology to evaluate 
3-quark exchange, 
justified by dominance of 
planar diagrams

RNA, HRM, TQC, CQM: 
Photon absorbed and 
quarks exchanged; might 
be related to NN elastic 
scattering – all use hard 
scattering approximations
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99-008: Gilman, Holt, 
Meziani et al. 
Hall A high energy 
cross sections

In the end, Hall B had a large data 
set up to about 3 GeV from E93-017.
Scaling once pT ≳ 1.1 GeV/c. P Rossi 
et al, PRL94.
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89-019: Gilman, Holt, Meziani et al. 
Hall A polarizations

Zein-Eddine remembered interesting 
old polarization data.

Roy agreed.

They sent me off to do the work.

The data were largely taken in the 
dibaryon craze of the late 1970s / 
early 1980s.
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89-019: Gilman, Holt, Meziani et al. 
Hall A polarizations

Simple initial idea: 

pQCD leads to hadron helicity 
conservation (HHC).

HHC requires certain amplitudes 
vanish.

Spin observables approach constant 
values, often 0.

But we all now know there is lots of 
interesting spin physics.
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89-019: Gilman, Holt, Meziani et al. 
Hall A polarizations

Wijesooriya et al., PRL 86 (2001)

Old Kharkov data had large -py near 1 GeV due to experimental issues 
- not plotted
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89-019: Gilman, Holt, Meziani et al. 
Hall A polarizations

By running the experiment with 
(circularly) polarized beam, we also 
managed to measure polarization 
transfer to the proton - never 
before done.
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00-007: Gilman, Holt, Meziani et al. 
Hall A polarizations
To better understand what was 
happening, we proposed to 
push the polarization 
measurements to higher 
energies at 90o, and to 
measure an angular 
distribution at about 2 GeV.

We only had enough beam 
time for the angular 
distribution.
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Low energy photo-disintegration
In E05-103, run in 2006, “I” went off to look for how ME 
calculations diverge from data, with low energy 
photodisintegration run in parallel with back-angle G0.

Roy was too busy and did not take part. But...
! I Rachek et al., PRL 98, 182303 (2007)
! Calculations from Levchuk, Arenhovel, Schwamb
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Mini-summary for γd ➞ pn

We started off with a simple pQCD / RNA picture of the 
high energy reaction. 

pQCD worked too well.

RNA, which should work better than pQCD, did not.

We ended up compare these and a few quark-inspired models 
to the data, but without a clear answer.

Subsequently - post Roy - we hoped to distinguish better by 
going from pn disintegration to pp disintegration in 3He.
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pp vs pn Photodisintegration
Figures from Holt + Gilman, ROP 75 (2012).
Note how much pp is reduced compared to pn.
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Going back to 1994

Two important things happened in 1994.

First, Roy suggested we look into pion photoproduction.

Second, at GRC, Roy introduced me to a new collaborator.
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γp ➞ pπ0 

Many high energy photoreactions 
were known to scale.
But polarizations had not been 
measured.

γp ➞ K+Λ0 compared 
to calculations by 
Farrar et al. and by 
Kroll et al.

Inadequately 
constrained PWA 
indicates resonance 
induced structures.

HHC eliminates 2 
of 4 amplitudes, 
leading to
P, Cx ➞ 0
Cz ➞ (s2-u2)/(s2+u2)
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E94-012: γp ➞ pπ0, Gilman, Holt et al.
Pion photoproduction ran in fall 1999, interleaved with 
E89-019.
Krishni Wijesooriya, with a little help from Olivier Gayou, 
analyzed everything.
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E94-012 γp ➞ pπ0: 3 observables, 6 
angles, a range of energies

Interesting behavior of 
polarizations, not an approach 
to simplicity. 

“Spin” is frame dependent, but 
“spin” is a 4-vector. A problem 
anticipated by Dmitrasinovic.

And coordinate systems are 
inconvenient. So we committed 
one of the few sins possible in 
physics.
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E94-012 γp ➞ pπ0: and the GEp/GMp 
puzzle

The Jones et al. result was not universally 
accepted, and Roy kept playing devil’s advocate.
But the polarimeter calibrations from E94-012 
allowed us to publish the first confirmation.
Gayou, Wijesooriya, et al., PRC 64 (2001).
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E94-012 γp ➞ pπ0

In the end, it seemed from the polarizations that small 
underlying resonance contributions interfere and 
generate interesting behavior.

One does not get the simpler patterns seen in deuteron 
photodisintegration, which generates higher momentum 
transfer to the nucleon.
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More Meson Photoproduction
At the same time these experiments, Roy also teamed 
up with Haiyan Gao to run a series of meson 
photoproduction cross section experiments:
LY Zhu et al, PRL 91 & PRC 71
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More Meson Photoproduction
At the same time these experiments, Roy also teamed 
up with Haiyan Gao to run a series of meson 
photoproduction cross section experiments:
LY Zhu et al, PRL 91 & PRC 71

Oscillations about scaling at 
high energy?
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Not the end of my collaboration with 
Roy

In 1988, we generated a t shirt. I still have 2 
and wear them occasionally.

In 2014, when my student Arun and Roy are on 
shift at Seaquest, they sometimes skype me.

Thank you again, Roy.
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